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Abstract 
An 84 days study was conducted to investigate the effect of noodle waste as maize replacement on the growth 
performance, nutrient utilization and cost effectiveness in the diet of Oreochromis niloticus fingerlings.  One 
hundred and fifty fingerlings of Tilapia with average weight of 12.02 ± 0.19 (Mean ± S.D ) were distributed as 
10 fish per plastic bowl (0.4m × 0.3m × 0.3m) in the wet laboratory. Five isonitrogenous experimental diets were 
formulated with noodle waste containing replacement of 0% (control) (D1), 25% (D2), 50% (D3), 75% (D4) and 
100% (D5) as an energy source. The fingerlings were fed 5% body weight for 42days and 3% body weight for 
42 days, the water was changed at every two day intervals. It was observed at the end of the experiment that 
noodle waste was most suitable when incorporated at 25% replacement. Weight gain (WG), Specific Growth 
Rate (SGR), Feed Conversion Ratio (FCR), Protein Efficiency (PE) and carcass analysis were evaluated during 
this study. The total weight gain, specific growth rate, feed conversion ratio, protein efficiency values of 52.14 
±1.78, 0.20 ± 0.03, 1.95 ± 0.08 and 1.49±0.05 respectively were highest in fish fed diet D2. The final weights of 
the fish showed significant difference P<0.05 between fish fed various diets. There was significant difference 
(P<0.05) in FCR among the dietary treatment. D1 is not significantly different from D2. There was also 
significant difference in the SGR among the dietary treatment, though D1 and D2 has no significant difference 
(P<0.05), there was also significant difference (P<0.05) in the incidence of cost. The carcass protein also shows 
significant difference (P<0.05) with the control having the highest (40.5533 ± 0.01) and D1 having close value 
among the treatment diet (21.033 ±0.02) and same pattern followed for the fat, NFE, moisture content. Noodle 
waste can effectively replace maize at 50% level inclusion rate without any negative effect on growth and fish 
health, but, it is produce best result as 25% inclusion level as maize replacement as an energy source. 
Keywords: Noodle-waste; Maize; Oreochromis niloticus; growth performance. 
 
1. Introduction 
Hunger and malnutrition are the world’s most devastating problems and are inextricably linked to poverty. A 
total of 842 million people in 2011-13, or around one in eight people in the world, conduct an active life (FAO, 
IFAD WFP, 2013). For sustainable fish production from aquaculture, there is the need to reduce the cost of feed 
which presently contributes about 60% to total cost of fish production. This can be achieved through the use of 
non-conventional feed ingredients, which meets the criteria of relatively being cheap, available and easily 
accessible. The high competiveness between fish feed producers, other livestock feed producers and human has 
caused tremendous increase in the price of maize; a major feed ingredient in fish feed production. With the 
present production volume of about 600 million metric tons annually (Vasal, 2008), It is high in energy, low in 
fibre, with better palatability and presence of pigments and essential fatty acids, thus making it a preferred 
energy source in animal nutrition (Panda et al., 2011). However, the increasing cost and scarcity as a result of the 
various uses it is put to, has necessitated the need for utilization of other source of energy in fish feed production.  
One of the advantages of fish culture is that it is aimed at the attainment of sustainable fish production at the 
minimum possible costs in the shortest possible time (Eruvbetine et al, 2002). This then necessitates research 
into non-conventional carbohydrate ingredients that will replace maize without compromising fish growth and 
health (Aderolu et al., 2011). An ingredient with the potential to replace maize in fish feed is noodle - waste, 
generated from the packaging phase of instant noodles. Noodles’ (produced from wheat flour, refined palm oil, 
salt, sodium polyphosphate, guargum, tartrazine) consumption has gained so much popularity worldwide 
(Reungmaneepaitoon et al., 2006), with Nigeria ranking 13th in world noodle consumption.  
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This study was conducted to determine the growth performance and economic benefits of Oreochromis niloticus 
fingerlings fed diets with graded levels of noodle-waste as a substitute for maize.  
 
2. Materials and Methods 
2.1. Experimental diets 
The experimental diets consisted of isonitrogenous (36%) protein rations with the maize component 
replaced at five levels [0 (D1), 25 (D2), 50 (D3), 75 (D4) and 100% (D5)] by noodle waste.  
The noodle waste with other feed ingredients were purchased at Kesmag and prepared at aqua-life farms, 
Olodo Road, Ibadan, Oyo State, Nigeria. The experimental ingredients include fish meal, groundnut cake, 
yellow maize, noodle waste, vitamin/mineral premix, soy bean meal, fish oil, salt, dicalcium phosphate (DCP) 
(Table 1). The diets were prepared in the form of pellets following the methods described by Wee and Ng 
(1986), oven-dried at 70°c in a gallenkamp oven for 18 hours, and stored in air-tight polythene bags kept 
in a deep freezer at a temperature of 8oC until used. 
Table 1: Percentage composition of Ingredient for the experimental diets 
                                                        Diets 
Ingredient composition DI D2 D3 D4 D5 
Fish meal 15.00 15.00 15.00 15.00 15.00 
Soyabean meal 15.00 15.00 15.00 15.00 15.00 
Groundnut cake 15.00 15.00 15.00 15.00 15.00 
Yellow maize 48.00 36.00 24.00 12.00 
 
Noodle waste 
 
12.00 24.00 36.00 48.00 
DCP (Di Calcium Phosphate) 1.00 1.00 1.00 1.00 1.00 
Fish oil 2.00 2.00 2.00 2.00 2.00 
Vit. & min. premix 1.50 1.50 1.50 1.50 1.50 
Salt 0.50 0.50 0.50 0.50 0.50 
Lysine 0.50 0.50 0.50 0.50 0.50 
Methionine 0.50 0.50 0.50 0.50 0.50 
Starch 1.00 1.00 1.00 1.00 1.00 
Total 100.00 100.00 100.00 100.00 100.00 
 
2.2. Experimental fish and feeding regime 
Healthy Oreochromis niloticus fingerlings of 6 weeks were procured from a reliable fish farm in Ibadan and 
transported in oxygen bags to the Research Laboratory of the Department of Aquaculture and Fisheries 
Management, University of Ibadan. After acclimatization in the Laboratory for 2 days, 10 fish were randomly 
weighed and stocked into each 40L plastic aquarium, with each treatment triplicated. The experimental diet was 
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fed as assigned to triplicate aquaria and fed at 5% body weight at twice daily (8am & 5pm), for 84 days. Feed 
consumed daily were recorded, and bi-weekly weight of fish were used to adjust feed requirements. During bi-
weekly growth measurement, a day feed deprivation was observed. 
2.3. Experimental tank 
The glass aquaria tank measuring 47 x 28 x 32cm were used for the experimental system. The tank 
water level was 18cm depth; the water source was from borehole. Complete drainage and cleaning of the tank 
was done twice a week to ensure good quality water. 
2.4. Experimental procedure 
Each of the experimental diet was assigned to a tank and fed to the fish twice daily in equal rations and 
were adjusted weekly on the basis of average weight of the fish. Each diet treatment was triplicated. Debris 
was siphoned from the experimental tanks daily and dead fish were counted, weighed and removed. The 
duration of the experimental study was 84 days.  
All experimental diets and samples of fish carcass before and after the feeding trial were analyzed for 
their proximate composition according to methods of AOAC (2005).  
Crude protein and crude lipid were determined using AOAC (2005). Fish growth and nutrient 
utilization parameters were calculated as follows: Specific growth rate (SGR), Food conversation 
ratio (FCR), Protein Efficiency Ratio (PER) Crude Protein Intake (g), and Feed intake, survival and 
incidence of cost 
Specific growth rate (SGR) SGR (%/day) = (Log Wf – Log Wi) x 100 
                                          t (days) 
    Where,             Log Wf = logarithm of the fish final weight gain. 
                          Log Wi = logarithm of the fish initial weight. 
                              t = experimental period in days  
Feed conversion ratio (FCR)      FCR = feed intake (g) 
                        Weight gain (g)   (Burel et al., 2000) 
Gross feed conversion efficiency (GFCE): GFCE =    1 x 100 
                          FCR 
Protein efficiency ratio (PER) =           wet body weight gain (g) 
                                                                 Crude protein fed 
Protein intake =             feed intake × percentage protein in diet 
                                                            100 
Feed intake per week =            Total feed intake per fish 
                                                No of week of the experiment 
Mean Initial weight =           Initial weight 
                                             Number of fish 
Final weight =                      Final weight 
                                             Number of fish 
Mean weight gain =   Mean final weight – mean initial weight          
2.5. Chemical analysis 
At the beginning of the trial, 5 fish from initial stock and 6 fish per treatment at the end of the trial were pooled 
and analysed for whole body composition. Proximate analyses were carried out as described by A.O.A.C (2005).  
2.6. Economic analysis 
The cost of production of experimental fish was calculated as described by Mazid et al (1997) and Faturoti and 
Lawal (1986) as follows; 
Profit Index (PI) = NPV (N) 
  Cost of feeding (N) 
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Incidence of Cost = Cost of feeding 
  Weight of fish produced 
 Where NPV is calculated as; 
Net Production Value NPV = Mean Weight gain of fish g × Total survival n × Cost per kg (N) 
2.6. Data statistical analysis   
Data were subjected to one-way ANOVA as described by steel and torrie (1960). Each feed level was considered 
as a treatment and a complete randomized design (ANOVA) was carried out to test for significant difference in 
the mean weight gain at different level. Mean values were reported ± standard error of the mean (S.E.M). 
Multiple comparisons were done using Duncan Multiple Range Test. Significance was accepted at probabilities 
of 0.05 or less. 
 
3. Result 
The proximate composition of yellow maize and Noodle-waste are presented in Table 2. Percentage crude 
protein, ash and ether extract were higher (12.94, 6.38 and 5.97 respectively) in Noodle-waste, Crude fibre 
content was higher in yellow maize. 
 
Table 2: Proximate Composition of Yellow Maize and Noodle Waste 
Ingredient 
Components (%) Yellow Maize Noodles 
Dry Matter 90.38±0.00 92.30±0.00 
Crude Protein 10.65±0.00 12.94±0.00 
Crude Fibre 1.32±0.00 1.25±0.00 
Ash 3.68±0.00 6.38±0.01 
Ether Extract 4.09±0.00 5.97±0.06 
 
The proximate composition of the experimental diets containing noodle waste at different inclusion level as 
shown in Table 3 showed Significant difference (P<0.05) between the diets on all the parameters, energy value 
ranged between 3695.04±0.52 (100%  inclusion) to 3749.33±0.09  (25% inclusion), Protein ranged from 
33.30±0.01 (50% inclusion) to 36.36±0.01 (0% inclusion), Fat content ranged from 7.36± 0.02 (100%  inclusion) 
to 7.78±0.01 (50% inclusion), Ash ranged from 5.06±0.01 (100% inclusion) and 5.34±0.01 (0% inclusion), fibre 
ranged from 2.18±0.01 (75% inclusion) to 2.36±0.01 (0% inclusion), moisture ranged from 8.23±0.01 ( 25% 
inclusion) to 9.42±0.01 (100% inclusion). NFE was between 39.66±0.05 (0% inclusion) to 42.62±0.19 (50% 
inclusion). Energy was lowest in D5 and highest in D2. Protein was lowest in D3 and highest in D1. NFE was 
lowest in D1 and highest in D3. Moisture content was lowest in D2 and highest in D5. Fibre content was lowest 
in D4 (2.18±0.01) and highest in D1 (2.36±0.01), Ash was lowest in D5 (5.06±0.01) and highest in D1 
(5.34±0.01) and fat content was lowest in D5 and highest in D3.  
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Table 3: Proximate composition of experimental diets fed to Oreochromis niloticus 
Parameters 0% 25% 50% 75% 100% 
Fat 7.4633±0.02a 7.6567±0.03b 7.7800±0.01c 7.533±0.02d 7.3633±0.02e 
Ash 5.3400±0.01a 5.2800±0.01b 5.1800±0.01c 5.1500±0.01d 5.0600±0.01e 
Fibre 2.3600±0.01a 2.2800±0.01b 2.433±0.01c 2.1800±0.01 d 2.2600±0.01e 
Moisture content 8.8533±0.01 a 8.2300±0.01 b 8.5767±0.01 c 9.2633±0.01 d 9.4233±0.01e 
Nitrogen free extract 39.6633±0.05 a 42.0767±0.05 b 426267±0.19 c 40.1100±0.04 d 40.7567±0.04 e 
Protein 36.3567±0.01 a 34.4767±0.01b 33.303±0.01 c 35.8533±0.01 d 35.0467±0.01 e 
Energy value 3710.9333±0.23 a 3749.3333±0.90b 3740.8333±0.49c 3716.2000±0.79 d 3695.0400±0.52 e 
 
The growth parameters tested as indicated in Table 4, shows that there was no significant difference (p<0.05) in 
the initial weight of the fish. There was significant difference (p < 0.05) in all the growth parameters tested for. 
The highest mean weight gain was recorded in D1 (6.74±0.30) though there was no significant difference 
(P<0.05) between the control, D2 and D3, the least value was recorded for D4 (3.42±0.17). 
 
Table 4: Nutrient utilization and Growth performance of Oreochromis niloticus fed experimental diets (Mean ± 
SEM) 
DIETS 
PARAMETER D1 D2 D3 D4 D5 
Initial Weight(g) 11.92±0.00 11.9±0.00 11.92±0.00 12.02±0.01 12.02±0.01 
Final Weight(g) 18.63±0.02e 18.59±0.0d 18.39±0.01c 17.94±0.01b 16.97±0.01a 
Mean Weight Gain(g) 6.70±0.01d 6.69±0.00d 6.47±0.00c 5.92±0.00b 4.95±0.01a 
Average Daily Weight Gain(g) 0.08±0.00b 0.08±0.00b 0.08±0.00b 0.0±0.00ab 0.06±0.00a 
Specific Growth Ratio (SGR) 0.53±0.01c 0.53±0.01c 0.52±0.01c 0.47±0.01b 0.41±0.00a 
Feed Conversion Ratio (FCR) 1.06±0.00a 1.07±0.00ab 1.07±0.00ab 1.22±0.00c 1.41±0.01d 
Protein Efficiency Ratio (PER) 2.75±0.00d 2.74±0.00cd 2.73±0.00c 2.41±0.00b 2.08±0.01a 
Feed Intake (g) 7.15±0.00d 7.13±0.00c 7.23±0.01e 6.93±0.01a 6.98±0.00b 
Survival Rate (%) 97.66±0.33c 97.00±0.57c 94.66±2.84bc 91.00±0.57ab 90.00±0.57a 
Profit index (PI) 0.81e 0.79d 0.75c 0.69b 0.56a 
Incidence of cost (IC) 0.48a 0.47a 0.50b 0.52c 0.63d 
Mean with similar superscript along same row are not significantly different (P<0.05) 
 
In Specific Growth Rate parameter, the data shows that the highest values were D1 (control), D2 and D3, these 
values are significantly difference (p<0.05) from D4 and D5 with the least values. In the specific growth rate 
control, D2 and D3 are significantly different from D4 and D5 with control having the highest followed D2 
while the least was D5. In the food conversion ratio growth parameters observed that the D1 (control) had the 
best (1.7 ± 0.08) followed by D2 (1.95 ± 0.08) with no significance difference (p<0.05) while D3, D4 and D5 
had no significance difference, D5 has the least value. The protein intake shows no in significance difference 
(p<0.05) in all the experimental diets. The protein efficiency showed that D1 is the highest with significant 
difference (p<0.05) from D2 that is higher and significantly difference (p<0.05) from D3 while D4 and D5 are 
the least with no significance difference. The survival ratio had no mortality in D1 (0.00 ± 0.00) and has 
significantly difference to D2 (3.33 ± 5.77), with significance difference to D3 and also significantly difference 
to D4 and D5. Though, the incidence of cost is highest in D1 followed by D2 and least in D5 they are all 
significantly different (p<0.05). Profitability index was significantly decreased with inclusion of noodle waste in 
the diets of O. niloticus. However, the Incidence of cost was statistically similar in D1 and D2, with both 
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treatments having superior indices than the other groups. The proximate analysis of the carcass revealed that the 
fibre has no significance difference at (p<0.05) in all the treatment but are significantly difference (p<0.05) in 
the crude protein, fat and ash content, with no wide margins between the control and other treatment as shown in 
Table 5. 
Water quality parameters in the bowls during the experimental period are presented in Table 6. The values 
observed were within the tolerant range of O. niloticus. The pH was between 7.18 to 70.25, Dissolved Oxygen 
6.7 – 7.6 Mg/Litre and Temperature was between 28.30 – 29.20 OC.  
 
Table 5: carcass composition of Oreochromis niloticus fed experimental diets 
Parameter (%)        D1       D2       D3       D4       D5 
 
Crude protein  21.033±0.02d 20.7500±0.01c 20.6800±0.01b 20.4967±0.01a 20.4833±0.01a 
Fat  3.7833±0.01b 3.9667±0.01d 3.8633±0.02c 3.8000±0.01b 3.7433±0.01a 
Ash  2.16±0.01e 2.08±0.01c 2.05±0.01a 2.10±0.01d 2.07±0.01b 
Fibre 0.30±0.00a 0.35±0.00a 0.30±0.00a 0.30±0.00a 0.30±0.00a 
 
Table 6: Pooled mean weekly values of water quality parameters during the experimental study 
Treatment                              Parameter 
  DO (mg/l) pH Temp OC 
Initial 7.50 7.18 28.50 
D1  7.20 7.19 28.70 
D2 7.40 7.21 28.30 
D3 7.14 7.18 29.10 
D4 7.40 7.20 28.10 
D5 7.00 7.19 28.50 
 
4. Discussion 
The crude protein, lipid and ash contents for maize and noodle waste in this study are similar to values reported 
for cereal grains and by-products (Hassan, 2000). The crude protein content of experimental diets is within the 
recommended range for O. niloticus (Wang et al., 1985). Mean weight gain in the control diet confirms the 
assertion that maize is a preferred source of energy in fish diets (Panda et al., 2011). This is attributable to the 
high digestibility and better palatability of maize. Improved nutrient utilization and growth performance at high 
levels of maize inclusion by O. niloticus is similar to results observed by Solomon et al., (2007). Ingredient mix 
may compromise these attributes of palatability and digestibility in fish, as shown in noodle waste inclusion 
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levels above 50% where growth depression was observed. The variation in mix is largely responsible for this 
result. This assertion is supported by Li et al. (2010) and Orisasona et al. (2014) for different fish species. 
Although no dietary requirement for carbohydrate has been demonstrated in fish diet (NRC, 1983), the provision 
of adequate level in diet is necessary so that protein and lipids will not be catabolized mainly for energy and 
synthesis of other biological compounds (Shiau and Huang, 1990; Wilson, 1994).  
The present SGR values are comparable to those values of the tested various dietary carbohydrate levels on 
Mystus montanus. (Tian et al., 2010). One of the most common difficulties observed when alternative sources of 
feedstuffs are used in fish diets is acceptance and palatability (Dominguez et al., 2003). However, the observed 
significant decrease in feed intake above 50% inclusion level, showed the better palatability of maize when 
compared with noodle waste.  
It is important to note the presence of various additives contained in noodle waste (Including Sodium 
polyphosphate, guar gum and tartazine) could possibly have affected the utilization of protein as evident in the 
reduced carcass protein of experimental fish at higher inclusion levels. The results of carcass composition in this 
study are in accordance with the growth performance results. The variation in maize and noodle waste contents 
resulted in significant differences (P<0.05) in the proximate composition of fish carcass in this study. This is in 
contrast to the reports of Anderson et al. (1984) and Al-Asgah and Alli (1994) where cereal grain types did not 
affect the crude protein and ash contents of O. niloticus.  
This study has revealed that noodle-waste can only replace up to 50% of maize in the diet of O. niloticus without 
compromising nutrient utilization and growth performance of fish. 
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